Objective: To investigate the difference in effectiveness of Eutectic Mixture of Local Anesthetics (EMLA) and Benzocaine as a topical anesthetic in palatal injection Methods: Forty volunteers from dental department at Prince Ali Bin Al Hussein Military Hospital participated in the study. 5% EMLA cream or 20% Benzocaine gel were applied to either side of the hard palate opposite the maxillary first premolars. A short needle was inserted at site of topical anesthetic application at 3, 6 and 9 minutes until it touches the bone and the volunteers assisted the pain on a visual analogue scale (VAS) where 0 indicated "no pain" and 10 indicated "unbearable pain"
Introduction
Pain management during dental treatment is extremely paramount. It is unfortunate that fear of pain from dental treatments persisted despite advances in pain control modalities.
(1)
In a survey of Japanese students in the US Domoto et al, 1991, 50% related their dental fear to needle phobia.
(2) Discomfort caused by the injection is one of the main complaints of dental patients (3) and is the only uncomfortable part of any dental procedure.
(4)
Clinicians, on the other hand, employ techniques to reduce pain and anxiety associated with dental injections.
(5) Placement of topical anesthesia is considered the most important step to avoid pain associated with dental injections.
(6)
Palatal anesthesia is important in allowing pain-free manipulation of the soft tissues on the palatal side of the tooth.
Palatal mucosa is tightly bound to its underlying periosteum and has abundant nerve supply, which renders injections extremely painful (8) and more resistant to the effects of topical anesthetics than any other intraoral sites (9) thus considered the optimal site to test the efficacy of topical anesthetics.
to individual variations, application procedure, or concentration, (11, 12) however, psychological factors aid to increase the pharmacological efficiency of topical anesthesia.
(5) Benzocaine is an ester type anesthetic that has been widely used since 1903.
(13) It is very insoluble in water, and as such is indicated for topical applications. It is used on nasal, oral, and orotracheal mucosa. (14) It has a rapid onset and short duration effect.
(15) Eutectic mixture of local anesthetics (EMLA) is a compound, which melt at lower temperatures than any of its components, permitting higher concentrations of anesthetics for use. It is composed of two amide type local anesthetics formed of 25 mg/mL of lignocaine, 25 mg/mL of prilocaine.
(16)
It has been used in dermatology, sinus puncture, (17) venous cannulation, (18) minor operations on the gingival tissues (19) and in reducing discomfort of rubber dam clamp (20) Although EMLA was effective in reducing injection pain, however, there is a need to develop better topical anesthetics for use on the palatal mucosa. Topical anesthetics like 20% benzocaine have pharmacological and psychological effects and minimize the possible adverse effects of injections.
(21) When applied locally, 20% benzocaine significantly reduces pain values obtained, but clinical relevance of the reduction is not obvious (22) The purpose of this in vivo study is to compare the effectiveness of two topical anesthetics before palatal injection in a clinically relevant application time.
Methods

Subjects
Forty volunteers (24 male and16 female aged 20 years and above) were recruited. They were the staff of the Dental Department at Prince Ali Bin Al Hussein Military Hospital. All participants had natural dentition, with no palatal or oral anomalies or pathologies, no extracted first premolar, no oral trauma or known allergy to topical or local anesthetics and not taking drugs that depress the central nervous system. The experimental protocol was approved by the Royal Medical Services Ethics Committee. A written informed consent was signed by each participant.
Pain assessment
Pain experience could be evaluated by a reliable, subjective, self reporting Visual Analogue Scale (VAS), VAS consisted of a 100 mm line with the left end (0) of which indicates "no pain" and the right end 10 indicates "unbearable pain".
(23) Before the experiment was started, VAS was explained for each participant to mark on the scale the degree of pain felt after each needle insertion.
Experiment
The experiment was conducted by a single operator, who was trained to position the needle insertion. The participants were blind to the formulations applied as they were asked to close their eyes during application of topical anesthesia. During the experiment, each participant was set in an upright position with the assistant holding the suction tip to prevent swallowing of any of the topical anesthetics. Before topical anesthesia application, the palatal mucosa was dried with a sterile gauze. 5% EMLA (AstraZeneka, UK) or Ultracre (20% benzocaine w/v Ultradent, USA) were applied randomly on either side, palatal to the maxillary first premolar between gingival margins 10 mm toward midline using a cotton swab (Citoswab, China) ( Fig. 1) . After 3 minutes of application, the first insertion was done using short needle gauge 27 (Tg Ject Sterilized Disposable Dental Needles, UK) 3mm from the free gingival margin to one side with bevel facing towards the bone till the needle contacts the bone then the needle was immediately removed followed by its insertion into the opposite site. The participant rated the degree of pain on the VAS. A second insertion using another needle after 6 minutes, 6mm from the gingival margin and now beginning on the opposite site of the first insertion and the degree of pain on VAS was also rated. A third new needle was used and inserted after 9 minutes at 9mm from gingival margin. No submucosal injection of local anesthetic was administered as the study was limited solely to pain caused by the insertion of the needle. Topical anesthesia was not removed until the last insertion where sterile gauze was used to remove the topical anesthetics from the palate that was rinsed with a water syringe. 
Results
The participant pool was made up of 24 males and 16 females whose ages ranged from 24 to 47 years, with an average age of 29.4 years. Based on the study design, each patient received 3 injections on each side of the palate. The mean VAS score and standard deviation for the Benzocaine group at 3 minutes was 4 and Standard deviation SD was 2.124, at 6 minutes the mean was 4.225 and SD was 2.166, at 9 minutes the mean was 3.675 and SD was 2.379 while those of EMLA at 3 minutes were 3.00 for the mean and SD was 2.038, at 6 minutes the mean was 2.85 and SD was 2.178 and at 9 minutes the mean was 2.15 and SD was 2.213. The VAS means (average) scale show that at all times (3, 6, 9) minutes were statistically significant between the two groups (Benzocaine versus EMLA), VAS scale was significantly higher among Benzocaine group (p-value < 0.05), with t-test and p-value in red color (Table I. ) When benzocaine and EMLA were compared at all measured times, the mean VAS was statistically lower among the EMLA group Table II . There was no statistically significant difference between groups in Benzocaine (Table III) or EMLA (Table IV) . There was no significant difference between males and females either for Benzocaine or EMLA. There was no correlation between age and VAS in both groups 
Discussion
Hamilton 1995 define needle phobia as a formal medical condition affecting approximately 10% of population and associated with avoidance behavior and physiologic changes in blood pressure, heart rate, electrocardiogram (ECG), and stress hormone.
(24) This study was performed to investigate the difference in effect of using two topical anesthetics at a clinically relevant time. In this study, the needle injection after application of topical anesthetics was done at 3, 6 and 9 minutes. These selected times to examine the effectiveness of topical anesthesia were different than other studies that varied between 2-20 minutes.
(3,12) Three injections only were chosen because it was easier to convince the participants of 3 injections on each side. On the other hand, the time range selected in this study was less than 10 minutes which according to the manufacturer of benzocaine used in this study (Ultracre, Ultradent, Utah, USA) is its effective time. A study by Al Melh and Andersson 2007 used 5 needle injections on each side which ended by 10 needle injections on both sides and did not clarify the site of each injection and how to avoid overlapping injections .
(25) In this experiment, not only 3 injections were 3 minutes apart but also 3 millimeters distance from each other toward midline of the palate, by this technique, more time was given for the participant to rest and more time for the topical anesthetics to work with no possibility for overlapping the place of needle injection which might give the participants better chance to judge pain scores. The whole study was performed by one trained specialist to avoid personal differences and for easier repeatability for the locations of needle injections in each participant. Participants were blinded to the topical anesthetics used. There was no difficulty in application of either agent, however; it was noticed that the flow of benzocaine was more than that of EMLA which might give more advantage to the handling properties of EMLA. On the other hand, EMLA had less bitter taste and lack of odor, its ability to be applied to different areas of the oral cavity easily and in needed amounts . (25) In this study, for each injection, a new needle was inserted until it reached the bone. By this mean needle's blunting from frequent injections will be avoided. The start site was changed alternatively at the next injection time. The measurement of pain scale used in this experiment is the visual analogue scales (VAS) which was validated as a ratio scale to measure both chronic and experimental pain (26) and has been demonstrated to be a reliable method for pain measurement (27) The present study showed that 5% EMLA application before needle injection was significantly more effective than 20% benzocaine gel in reducing pain which was in agreement with other studies that compared both topical anesthetics in maxillary vestibular mucosa (25) and in palatal mucosa.
(28,29) Other studies compared EMLA to placebo and concluded that EMLA was efficient in reducing discomfort caused by the dental dam clamp in children (20) and suggested its use during gingival probing (30) or in minor operations on the gingival tissues (19) or during periodontal debridement.
(30)
Although EMLA is intended for skin use and need to be occluded for 1-2 hours for optimum results, (31) the result of this study and previous studies (19,20,29,30,32) found EMLA to be a good topical anesthetic agent when applied to different sites of the oral cavity even to the palate with thick mucosal attachment and for time as short as the time used in this study of 3-9 minutes. On the other hand Primosch and Rolland-Asensi compared 5% EMLA to 20% benzocaine and did not recommend the use of EMLA before palatal injection in children. In this study the feeling of anesthesia continues in some candidates for approximately half an hour even after removing EMLA cream from the palate by sterile gauze and the use of water/air spray for efficient rinsing the hard palate for any remnants of the cream. This might indicate the ability of EMLA to be easily absorbed by the mucosa of the hard palate. While the application of topical anesthetics as 20% benzocaine was found to be effective in many studies. In another randomized controlled study, by Freiras et al, 20% Benzocaine was ineffective in areas supplied by the posterior superior alveolar nerve or greater palatine nerve (3) which was in agreement with theresults of this study were area supplied by the greater palatine nerve had significantly less VAS values when 5% EMLA was used rather than 20% benzocaine and at all application times. However, this might be due to the different application sites which according to Nakanishi et al 1996 was variable (39) and also might be due to the fact that some investigators gave local anesthetics after the needle injection (Hutchins et al 1997) .
(22)
The result of this study found no statistically significant difference between different application time either with EMLA or Benzocaine which was in agreement with Bhalla et al (2009) (40) who found no difference between 2, 5 , 10 minutes of benzocaine topical application. Although statistically insignificant, the results of this study found less pain scores with application time of 6 minutes and even much less scores when injections were made at 9 minutes either when Benzocaine or EMLA were used. Clinically, the less effective time of topical anesthetics application would be more convenient for both the dentists and patients, however, with the VAS scores of this study, the authors recommend a time longer than 3 minutes as a topical anesthesia application time whenever possible. Martin et al, (1994) concluded that there is at least a psychological if not a pharmacological benefit of topical anesthetic use thus making dental injection experience less traumatic because patients anticipate less pain from upcoming needle injections Meechan et al, 2002 referred to several double-blind, placebo controlled trials in their conclusion that topical anesthetics have a pharmacologic effect and they considered the different results of different studies to be due to the agent used, the application time and site of topical anesthetic application in the oral cavity.
(7)
Conclusion
The use of topical anesthesia between dentists in Jordan has not been studied but there is no consensus about its routine use before needle injection. It's the authors' opinion that topical anesthetics should be used routinely in dental clinics in Jordan. In general there is no contraindication to the use of topical anesthetics in dentistry unless there is a known allergy to that specific anesthetic agent; however, there are some known case reports about adverse effects after the use of cetain anesthetics. Most adverse effects to the use of topical anesthesia in dentistry are associated with the occurrence of methemoglobinemia.
(41-44)
None of the participants experienced any adverse effect however, as explained earlier, some participants have a retained anesthetic effect half an hour after effective cleaning of the site of application of EMLA however, there are some case reports of methemoglobinemia induced by Benzocaine spray, Martin MD, Ramsay DS, Whitney C, Fiset L, Weinstein P.
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